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ABSTRACT, 
ferred to Tropidocarpum (Brassicaceae). A key to 


Twisselmannia californica is trans- 


the four species of Tropidocarpum is presented. 
Disjunction between the North and South American 
species of the genus is discussed. 
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As presently delimited, Tropidocarpum Hooker 
(Brassicaceae) consists of four species, of which 
Twisselmannia californica Al-Shehbaz and Agallis 
lanata (Barnéoud) Gilg & Muschler ex O. E. Schulz 
were previously placed in monotypic genera. The 
narrowly endemic T. californica is restricted to a 
limited number of scrub habitats in the Central Val- 
ley of California (Al-Shehbaz, 1999), Although 
Twisselmannia Al-Shehbaz was reduced to synon- 
ymy of Tropidocarpum by Appel and Al-Shehbaz 
(2002), formal transfer of its species to Tropidocar- 
pum was not proposed. Agallis lanata is very rare 
and occurs disjunctly in central Chile in habitats 
similar ecologically to those where species of Tro- 
pidocarpum grow. It was transferred to Tropidocar- 
pum by Al-Shehbaz and Price (2001). Of the other 
two species originally assigned to Tropidocarpum, 
T. gracile Hooker is a relatively widespread and 
abundant species occurring in open habitats and 
lower montane slopes from Baja California north to 
central California (see below), whereas T. cappari- 
deum Greene is an extremely rare species previ- 
ously known only from the vicinity of Mt. Diablo in 
the San Francisco Bay area of California (Rollins, 
1993a, 1993b). Tropidocarpum capparideum was 
not collected for nearly 45 years and was last seen 
in 1957 and presumed extinct (Rollins, 1993b). 
However, the species has been collected in 2000 
by Meredith Osborne (CDA) and in 2001 by Fred 
Hrusa (CDA) and Dieter Wilken (SBBG). These 
collections, all cited below, were made from Fort 
Hunter Liggett in Monterey County, and | have con- 
firmed their identity. 

All four species are annuals with a remarkably 
similar morphology, especially in their indumentum 
(with coarse simple trichomes mixed with smaller 
forked ones), petiolate and pinnatisect to pinnatifid 
cauline leaves, racemes bracteate throughout, yel- 
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low flowers occasionally tinged with purple, sta- 
minal filaments with dilated bases, angustiseptate 
fruits (flattened at a right angle to the septum), mu- 
cilaginous seeds, and incumbent cotyledons. How- 
ever, they have drastically different fruits (Fig. 1). 
Twisselmannia has a very distinctive obdeltoid sil- 
icle (4-5 X 3-4 mm) with leathery-thickened and 
tuberculate-rugose valves, whereas Tropidocarpum 
gracile has narrowly linear siliques up to 7 em X 
2 mm. Both T. capparideum and T. lanatum (Bar- 
néoud) Al-Shehbaz & R. A. 


fruits, but the former has four rather than two 


Price have oblong 


valves, a condition rarely seen elsewhere within the 
Brassicaceae (Al-Shehbaz, 1984). 

Molecular studies of Tivisselmannia californica, 
Tropidocarpum gracile, and T. lanatum (Price, un- 
published) demonstrate that the three species are 
almost identical in sequence, differing by only l or 
2 base pair substitutions, for the chloroplast gene 
ndhF and the nuclear ribosomal DNA ITS region. 
The three species form a monophyletic clade, with 
100% bootstrap support, and this clade is weakly 
separated (54% bootstrap support) from a mono- 
phyletic Descurainia Webb & Berthelot including 
Hugueninia Reichenbach (Price, unpublished). Be- 
cause of the extremely small amount of sequence 
divergence observed among the three species for 
the rapidly changing ndhF and ITS regions, it ap- 
pears that both the drastic change in fruit shape 
between Twisselmannia and its Tropidocarpum con- 
geners and the North American—South American 
disjunction involving T. lanatum are relatively re- 
cent events in the history of the Brassicaceae. 

Fruit and seed morphology have traditionally 
been heavily emphasized in generic and tribal clas- 
sification of the Brassicaceae (Hedge, 1976; Al- 
Shehbaz, 1984), but recent molecular phylogenetic 
studies suggest that fruit and seed morphology have 
been subject to frequent homoplasy (Koch et al., 
1999, 2001) and that many of the commonly rec- 
ognized tribes in the family are highly artificial. 

Remarkable differences in fruit morphology are 
found in several other genera of the Brassicaceae. 
For example, Rorippa Scopoli (ca. 75 spp., distrib- 


uted worldwide) has fruits ranging from narrowly 
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linear to oblong or globose and with two or rarely 
three to six valves (Appel & Al-Shehbaz, 2002). 
Another striking example of fruit diversity is found 
in Vella L., a genus of seven species of shrubs en- 
demic to Algeria, Morocco, and Spain (Appel & Al- 
Shehbaz, 2002). All species of Vella have seg- 


mented, l- to 8-seeded fruits, connate median 


staminal filaments, and a base chromosome number 


of x = 17 (Warwick & Al-Shehbaz, 1998). One spe- 
cies, V. bourgaeana (Cosson) Warwick & Al-Sheh- 
baz, previously treated as the monotypic genus Eu- 
zomodendron Cosson (López González, 1993), has 
linear-lanceolate fruits and seeds broadly winged 
all around, whereas the remaining species have glo- 
bose to ellipsoid fruits and seeds with vestigial 
wings. Molecular data (Warwick & Black, 1994; 
Crespo et al., 2000) clearly show that Euzomoden- 
dron is nested within Vella, and thus they form a 
monophyletic genus. Several other genera of Bras- 
sicaceae show very wide ranges of fruit morphology. 
These include Draba L. (Schulz, 1936), Heliophila 
L. (Marais, 1970), Graellsia Boissier (Poulter. 
1956), /satis L. (Davis, 1964), Leavenworthia Torrey 
(Rollins, 1963), Ornithocarpa Rose (Rollins. 1969), 
and Sphaerocardamum Schauer (Bailey, 2001). 

The almost identical sequence similarity be- 
tween Twisselmannia and species of Tropidocarpum 
contrasts with the apparent rapidity with which ma- 
jor changes in fruit morphology can sometimes oc- 
cur among closely related taxa. A classic example 
of a similar situation was elucidated earlier by Syts- 
ma and Gottlieb (1986) in the evolution of the strik- 
ingly divergent Heterogaura from within the genus 
Clarkia Pursh (Onagraceae). It would be particu- 
larly interesting to conduct comparative genetic and 
developmental studies of the fruits of Tropidocar- 
pum, including Twisselmannia. 

Another interesting aspect of the genus Tropi- 
docarpum is the large disjunction between the Med- 
iterranean climate zones of California and Chile 
(Fig. 1), which was unrecognized until Al-Shehbaz 
and Price (2001) transferred Agallis lanata to Tro- 
pidocarpum. The pattern of disjunction among spe- 
cies of many genera between these environmentally 
similar areas of North and South America was el- 
egantly covered by Raven and Axelrod (1978). 


KEY TO THE SPECIES OF TROPIDOCARPUM 


la. Fruits obdeltoid, spreading or antrorsely hirsute, 
4- to 8-seeded: valves thick leathery, tubercu- 
late-rugose distally T. californicum 
lb. Fruits linear, oblong, or elliptic, retrorsely hir- 
sute (except when glabrescent), 16- to 70-seed- 
ed; valves thin-leathery, smooth. 
2a. Fruits narrowly linear, (2.5-)3—6(—7) em X 
1.5-2 mm T. gracile 


2b. Fruits oblong to elliptic, 1-2(—2.5) em X 3- 
5 mm. 
3a. Fruit valves 4; anthers oblong, 0.4—0.5 
mm; fruit 25- to 40-seeded; California 
Tere rr ree see T. capparideum 
3b. Fruit valves 2; anthers ovate, 0.15—0.25 
mm; fruit 16- to 26-seeded; Chile 
PIRIT ATA Aataste ayant T. lanatum 


1. Tropidocarpum californicum (Al-Shehbaz) 
Al-Shehbaz, comb. nov. Basionym: Twissel- 
mannia californica Al-Shehbaz, Novon 9: 132. 
1999. TYPE: U.S.A. California: Kings Co., S 
of Kettleman City, E side of Interstate Hwy. 5, 
3 mi. N of Kern Co. line, grazed valley salt- 
bush serub, 30 Mar. 1994, Ed LaRue s.n. (ho- 
lotype, UCR). 


Distribution. U.S.A. California: Kings County. 


Specimens examined. U.S.A. California: Kern Co., 
Kern National Wildlife Refuge, Twisselmann 10447 
(CDA); Kings Co., ca. 13 mi. S of Kettleman City, along 
pipeline access road lying 0.3 mi. E of Interstate 5, 3.1 
mi. N of Kern Co. line, Taylor 17098 & Ertter (MO, UC). 


To my knowledge, the collections above repre- 
sent all that is known for the species. 


2. Tropidocarpum capparideum Greene, Pit- 
tonia 1: 217. 1888. TYPE: U.S.A. California: 
[Contra Costa Co.], alkaline valley lands skirt- 
ing the San Joaquin River, [Byron Springs], 25 
Mar. 1888, E. L. Greene s.n. (holotype, NDG 
02800). 


U.S.A. California: Contra Costa 


and Monterrey Counties. 


Distribution. 


Specimens examined. U.S.A. California: Contra Cos- 
ta Co., Byron Hot Springs, Hoover 806 (MO); Monterry 
Co., Fort Hunter Liggett, adjacent to Gabilan Road, ca. 
0.8 mi. SSE of intersection with San Migelito Loop, Hrusa 
15805, with Wilken & Hazebrook (CDA, MO), Osborne 16, 
with Guzman & Witmore (CDA, MO), Hrusa 15804, with 
Wilken & Hazebrook (CDA, MO); W of Gabilan Creek, ca. 
0.4 km S of junction of Gabilan and San Migelito Loop 
roads, Wilken 15876, with Morosco (MO, SBBG). 


The single specimen in Greene’s herbarium col- 
lected in March 1888 was from Byron Springs, a 
locality not given in the original publication of the 
species. This specimen is taken herein as the ho- 
lotype. 


3. Tropidocarpum gracile Hooker, Icon. Pl. t. 
43. 1836. TYPE: U.S.A. California: Monterey 
Co.. Monterey, David Douglas s.n. (holotype, 
K). 

Distribution. 

U.S.A. California: Inner Coastal Range, Cascade 


Mexico. Northern Baja California. 
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Figure 1. Fruits and distributions of Tropidocarpum species. —A, B. T. californicum (dot on map). —C, D. T. cap- 
parideum (asterisk). —E, F. T. gracile (stippled area). —G, H. T. lanatum (star). Cross sections in B, D, F, and H are 
made in widest portion of fruit. Scale: A, C, E, G = 5 mm; B, D, F, H = 1 mm. Dotted lines represent Tropic of 
Cancer, Equator, and Tropic of Capricorn. Drawn by Al-Shehbaz: A, B from LaRue s.n. (holotype, UCR); C, D from 
Hoover 806 (MO); E, F from Blankinship s.n. (MO); G, H from Claude Joseph 2791 (US). 
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Range foothills, Tehachapi Mountain, Great Central 
Valley, San Francisco Bay Area, Inner South Coast 
Range, Southwest California, and western Mojave 
Desert (Rollins, 1993b). 


Specimen examined. U.S.A. California: Lake Co., Mt. 
Konocti, 29 Apr. 1929, Blankinship s.n. (MO). 


4. Tropidocarpum lanatum (Barnéoud) Al- 
Shehbaz & R. A. Price, Novon 11: 293. 2001. 
Basionym: Lepidium lanatum Barnéoud, in 
Gay, Fl. Chile 1: 167. 1846. TYPE: Chile. 
Santiago, C. Gay s.n. (holotype, P; photos, F, 
US). 


Distribution. Chile, Región IV and Región Me- 


tropolitana. 


Specimens examined. CHILE. Región IV: Fray Jorge. 
Las Papas, Jiles 720 (S); Ovalle, Bosque Fray Jorge, Spar- 
re 3029 (S). Región Metropolitana: Santiago, Claude- 
Joseph 2232, 2267 (US); Lo Prado, Claude-Joseph 2791 
(US). 


The above collections are the only ones known 
for the species, and the latest, Jiles 720, was made 
on 22 August 1948. No more recent collections are 
known for the species. 
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